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(57) Abstract: A silicone-based adhesive sheet has either a 
layer of clay-like curable silicone composition on one side 
and a layer of slower curing clay-like curable silicone com- 
position than the first composition layer on the other side, 
or a cured silicone layer on one side and a layer of clay -like 
curable silicone composition on the other side. The silicone- 
based adhesive sheet may be used in a method for bonding 
a semiconductor chip and a chip attachment component. A 
semiconductor device may be prepared by the method. 
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DESCRIPTION 

SILICONE-BASED ADHESIVE SHEET, METHOD OF BONDING A 
SEMICONDUCTOR CHIP TO A CHIP ATTACHMENT COMPONENT, AND A 
SEMICONDUCTOR DEVICE 

5 Technical Field 

[0001] This invention relates to a silicone-based adhesive sheet, a method of bonding a 
semiconductor chip to a chip attachment component, and a semiconductor device. More 
particularly, this invention relates to a silicone-based adhesive sheet whereby a smooth 
base and a base having irregularities in the surface can be bonded in a satisfactory manner, 

1 0 and wherein the thickness of the bonded layer can be made nearly uniform. This 

invention further relates to a method of bonding a semiconductor chip to a chip attachment 
component wherein the semiconductor chip and the chip attachment component can be 
satisfactorily bonded together even if at least one of the two has irregularities in the 
surface. This invention further relates to a semiconductor device with superior reliability, 

15 wherein the semiconductor chip and the chip attachment component can be satisfactorily 
bonded together even if at least one of the two has irregularities in the surface. 

Background Art 

[0002] It is proposed in Japanese Patent Application Laid-open No. 1 1-12546 
(corresponding U.S. Patent No. 6,235,862) that a silicone-based adhesive sheet obtained by 

20 curing a hydrosilylation-curable silicone composition sandwiched between two protective 
films can be used for bonding a semiconductor chip and a chip attachment component. 
However, such sheets have had problems in that when irregularities of 10 fan or greater 
(gaps) occur in the surface of the semiconductor chip and/or the chip attachment 
component, the ability to fill the gaps decreases and the two cannot be sufficiently bonded. 

25 [0003] A clay-like sheet adhesive having a thickness of 0. 1 to 5 millimeters (mm) and 
comprising an organopolysiloxane, a filler, and a silicone composition containing an 
adhesion promoter is proposed in Japanese Patent Application Laid-open No. 10-17828 
(corresponding U.S. Patent No. 5,942,565). However, bonding a base and another base 
using such a sheet adhesive has had problems in that the thickness of the bonded layer is 

30 nonuniform. Particularly when a semiconductor chip is bonded to a chip attachment 
component by means of such a sheet adhesive, problems have arisen in that the thickness 
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of the bonded layer becomes nonuniform, causing inconveniences in subsequent wire 
bonding processes. 

[0004] Therefore, an obj ect of this invention is to provide a silicone-based adhesive 
sheet whereby a smooth base and a base having irregularities in the surface can be bonded 
5 in a satisfactory manner, and wherein the thickness of the bonded layer can be made nearly 
uniform; to provide a method of bonding a semiconductor chip to a chip attachment 
component wherein the semiconductor chip and the chip attachment component can be 
satisfactorily bonded together even if at least one of the two has irregularities in the 
surface; and to provide a semiconductor device with superior reliability, wherein the 

1 0 semiconductor chip and the chip attachment component can be satisfactorily bonded 
together even if at least one of the two has irregularities in the surface. 

Disclosure of Invention 
[0005] The silicone-based adhesive sheet of this invention has a layer of clay-like 
curable silicone composition on one side of the sheet and has a layer of a slower curing 

1 5 clay-like silicone composition than the first-mentioned layer on the other side of the sheet, 
or has a cured silicone layer on one side and has a layer of clay-like curable silicone 
composition on the other side. 

[0006] The method of bonding a semiconductor chip to a chip attachment component 
of the present invention comprises the steps of (1) producing a semiconductor chip by 

20 dicing a laminated body composed of a cured silicone layer bonded to a wafer, a layer of 
clay-like curable silicone composition firmly bonded to the cured layer, a protective film 
firmly bonded to the composition layer, and a sheet adhesively attached to film; (2) peeling 
the protective film and the sheet from the chip; (3) bonding the semiconductor chip to the 
chip attachment component by pressing the semiconductor chip to the chip attachment 

25 component via the composition layer; and (4) curing the composition layer. 

[0007] The semiconductor device of this invention comprises a silicone-based 
adhesive sheet having a layer of clay-like curable silicone composition (1) on one side and 
having a layer of a slower curing clay-like curable silicone composition (D) than the layer 
of composition (I) on the other side, whereby (i) the layer of composition (T) is cured so 

30 that the layer of composition (IT) remains uncured while the layer of composition (T) is kept 
in contact with a semiconductor chip, and the layer of composition (H) is subsequently 
cured while kept in contact with a semiconductor chip attachment component, or whereby 
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(ii) the layer of composition (I) is cured so that the layer of composition (E) remains 
uncured while the layer of composition 0) is kept in contact with the semiconductor chip 
attachment component, and the layer of composition (IT) is subsequently cured while kept 
in contact with the semiconductor chip. 
5 [0008] Alternatively, the semiconductor device of this invention comprises a silicone- 
based adhesive sheet having a cured silicone layer on one side and having a layer of clay- 
like curable silicone composition on the other side, whereby (i) the cured layer is bonded so 
that the composition layer remains uncured while the cured layer is kept in contact with a 
semiconductor chip, and the composition layer is subsequently cured while kept in contact 
10 with a semiconductor chip attachment component, or whereby (ii) the cured layer is bonded 
so that the composition layer remains uncured while the cured layer is kept in contact with 
the semiconductor chip attachment component, and the composition layer is subsequently 
cured while kept in contact with the semiconductor chip. 

Brief Description of Drawings 
1 5 [0009] Figure 1 is a cross-sectional view of the silicone-based adhesive sheet of the 
present invention created in Example 2. 

[0010] Figure 2 is a cross-sectional view of the silicone-based adhesive sheet of the 
present invention created in Example 1 and Examples 3 to 5. 
[0011] Figure 3 is a cross-sectional view of the partially diced wafer created in 
20 Example 6 relating to the method for bonding the semiconductor chip and the chip 
attachment component of the present invention. 

[0012] Figure 4 is a cross-sectional view of the semiconductor device of the present 
invention created in Examples 1 to 6. 

[0013] Figure 5 is a cross-sectional view of the semiconductor device of the present 
25 invention created in Examples 7. 

Reference Numerals 
1 : layer of clay-like curable silicone composition 
2 : layer of clay-like curable silicone composition 
3: protective film 
30 4: protective film 

5: silicone cured layer 

6: layer of clay-like curable silicone composition 
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protective film 
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protective film 
wafer 
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: silicone cured layer 
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Detailed Description of the Preferred Embodiments 

1 5 Silicone-Based Adhesive Sheet 

[0014] The silicone-based adhesive sheet of the present invention is shown in Fig. 1 . 
The sheet has a layer of clay-like curable silicone composition 1 on one side, and has a 
layer of a slower curing clay-like silicone composition 2 man the first-mentioned layer on 
the other side. The curing speeds of these curable silicone compositions may, for 

20 example, be compared based on their 90% vulcanizing times {tc(90)} measured under the 
same temperature conditions (for example, 130°C, 150°C) in vulcanizing tests performed 
using an oscillating vulcanizing tester, as specified by JIS K 6300. The difference in 
curing speeds is not limited, but the ratio of the tc(90) for the curable silicone composition 
with a low curing speed to the tc(90) for the curable silicone composition with a high 

25 curing speed is preferably 5 times or greater, and more preferably 1 0 times or greater, at 
130°C, or is preferably 2 times or greater, and more preferably 5 times or greater, at 150°C. 
[0015] The thickness of the composition layer 1 is not limited, but is preferably 100 
micrometers (tan) or less, more preferably 1 to 100 /on, and even more preferably 1 to 
50 (Jim. The thickness of the composition layer 2 is also not limited, but is preferably 

30 1 00 fan or less, more preferably 1 to 1 00 fan, and even more preferably 1 to 50 /an. The 
thickness of the sheet is also not limited, but is preferably 100 fan or less. 
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[0016] The plasticity numbers of theses clay-like curable silicone compositions, as 
specified by JIS K 6249 are not limited, and may either be the same or different. The 
plasticity numbers are both preferably within a range of 100 to 800, and more preferably 
within a range of 1 00 to 700, and even more preferably within a range of 1 00 to 500. The 
plasticity numbers are the values when a load of 49 ± 0.05N is applied for 3 minutes to a 
specimen {a cylindrical object (diameter: 16 mm, height: 10 mm) with a volume of 2 ± 
0.02 cm 3 } by means of a parallel plate plastimeter (William's Plastimeter) according to the 
specifications in JIS K 6249. 

[0017] The properties of a cured silicone substance obtained by curing these clay-like 
curable silicone compositions are not limited, and may either be the same or different. 
The cured silicone materials preferably have elastomer properties, and more preferably 
rubber properties. The mechanisms for curing these clay-like curable silicone 
compositions are not limited, and may either be the same or different. Examples of the 
curable silicone compositions include hydrosilylation-curable silicone compositions, 
condensation-curable silicone compositions, silicone compositions curable by radical 
reactions involving organic peroxides, and silicone compositions curable by high-energy 
radiation. In the silicone-based adhesive sheet of the present invention, the slower curing 
curable silicone composition and the faster curing curable silicone composition are both 
preferably hydrosilylation-curable silicone compositions. 

[001 8] These hydrosilylation-curable silicone compositions are preferably curable 
silicone compositions comprising (A) an organopolysiloxane having at least two alkenyl 
groups per molecule; (B) a filler; (C) an organopolysiloxane having at least two silicon- 
bonded hydrogen atoms per molecule; (D) an adhesion promoter; and (E) a hydrosilylation 
catalyst. 

[0019] Component (A) is an organopolysiloxane having at least two alkenyl groups per 
molecule. The weight-average degree of polymerization of component (A) is preferably 
3,000 or greater, and the properties thereof are preferably those of natural rubber. 
Examples of the molecular structure of component (A) include a straight chain structure, a 
partially branched straight chain structure, a branched chain structure, and a net structure. 
Examples of the alkenyl groups of component (A) include vinyl, aUyl, butenyl, pentenyl, 
and hexenyl groups, with the vinyl group in particular being preferred. Examples of the 
bonding positions of these alkenyl groups include ends of molecular chains and/or side 
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chains of molecular chains. Examples of the groups bonded to silicon atoms other than 
alkenyl groups include substituted or unsubstituted monovalent hydrocarbon groups such 
as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and other such alkyl groups; phenyl, 
tolyl, xylyl, naphthyl, and other such aryl groups; benzyl, phenethyl, and other such aralkyl 
5 groups; chloromethyl, 3-chloropropyl, 3,3,3-trifluoropropyl, and other such alkyl halide 
groups, with methyl, phenyl, and the like in particular being preferred. When 
component (A) contains the phenyl group, the resulting sheet is endowed with superior 
low-temperature resistance, and the reliability of the semiconductor device obtained by 
bonding the semiconductor chip to the chip attachment component with the aid of this 

1 0 sheet can be improved. 

[0020] Component (B) is a filler for reducing the fluidity of the above-mentioned 
composition and for imparting mechanical strength to the cured composition obtained by 
curing the above-mentioned composition. Component (B) is a filler that can commonly 
be admixed with a curable silicone composition as long as the objects of the present 

1 5 invention are not compromised, and examples include precipitated silica, fumed silica, 
baked silica, titanium oxide, durnina, glass, quartz, duminosilicate, iron oxide, zinc oxide, 
calcium carbonate, carbon black, silicon carbide, silicon nitride, boron nitride, and other 
such inorganic fillers; inorganic fillers obtained by treating these fillers with 
organohalosilane, organoalkoxysilane, organosilazane, and other such organosilicon 

20 compounds; silicone resins, epoxy resins, fluororesins, and other such organic resin fine 
powders; fillers such as silver, copper, and other such electroconductive metallic powders; 
and silicone elastomer powders. Precipitated silica, fumed silica, and other types of 
reinforced silica, as well as colloidal calcium carbonate, carbon black, and other such 
thickening and reinforcing microparticulate fillers are particularly preferred. 

25 [0021] In the above-mentioned composition, the content of component (B) is not 
limited, but is preferably within a range of 1 to 1,000 parts by weight, more preferably 
within a range of 5 to 800 parts by weight, even more preferably within a range of 5 to 500 
parts by weight, particularly preferably within a range of 5 to 200 parts by weight, and 
ideally within a range of 5 to 100 parts by weight, per 100 parts by weight of 

30 component (A). Particularly, when using a microparticulate filler capable of endowing 
strength as component (B), the content is preferably within a range of 1 to 100 parts by 
weight, and more preferably within a range of 1 to 50 parts by weight, per 100 parts by 
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weight of component (A). This is because the resulting cured product tends to fail to be 
endowed with sufficient mechanical strength when the content of component (B) is less 
than the lower limit of the above-mentioned ranges, and a uniform composition tends to be 
more difficult to prepare when the content exceeds the upper limit of the above-mentioned 
5 ranges. 

[0022] Component (C) is a cross-linking agent of the above-mentioned composition, 
and is an organopolysiloxane having at least two silicon-bonded hydrogen atoms per 
molecule. Examples of the molecular structure of component (C) include a straight chain 
structure, a partially branched straight chain structure, a branched chain structure, a ring 

10 structure, and a net structure. Examples of the bonding positions of the hydrogen atoms 
bonded to the silicon atoms in component (C) include ends of molecular chains or side 
chains of molecular chains, or both. Examples of the groups bonded to silicon atoms 
other than the hydrogen atoms in component (C) include substituted or unsubstituted 
monovalent hydrocarbon groups identical to those previously described, and methyl groups 

15 and phenyl groups are particularly preferred. The viscosity of component (C) at 25°C is 
not limited, but is preferably 1 to 100,000 milliPascal-seconds (mPa-s), and more 
preferably 1 to 10,000 mPa-s. 

[0023] In the composition, the content of component (C) is not limited as long as it is 
an amount sufficient to cure the composition, and the silicon-bonded hydrogen atoms in the 

20 composition are preferably within a range of 0. 1 to 1 0 mol, more preferably within a range 
of 0. 1 to 5 mol, even more preferably within a range of 0.5 to 5 mol, and ideally within a 
range of 1 to 5 mol, per mole of the alkenyl groups in component (A). This is because the 
resulting composition tends to be insufficiently cured when the content of component (C) is 
less than the lower limit of the above-mentioned ranges, and the heat resistance of the 

25 resulting cured product tends to decrease when the content exceeds the upper limit of the 
above-mentioned ranges. 

[0024] Component (D) is an adhesion promoter for endowing the composition with 
satisfactory adhesion. Component (D) is preferably an organosilicon compound having at 
least one hydrolyzable group bonded to the silicon atoms per molecule, and is more 
30 preferably an organosilicon compound having at least two hydrolyzable groups bonded to 
the same silicon atom. This hydrolyzable group may be, for example, a methoxy, ethoxy, 
propoxy, butoxy, methoxy-ethoxy, or other such alkoxy group; an acetoxy or other such 
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acyloxy group; an isopropenoxy or other such alkenoxy group; or a dimethyl ketoxime, 
methylethyl ketoxime, or other such oxime group, but the hydrolyzable group is preferably 
an alkoxy group, and more preferably a methoxy group. Component (D) is preferably an 
organosilicon compound having a trimethoxy group. In addition to substituted or 
5 unsubstituted monovalent hydrocarbon groups identical to those previously described, 
examples of groups bonded to the silicon atoms other than the hydrolyzable group in the 
organosilicon compound include 3-glycidoxypropyl, 4-glycidoxybutyl, and other such 
glycidoxyalkyl groups; 2-(3,4-epoxycyclohexyl)ethyl, 3-(3,4-epoxycyclohexyl)propyl, and 
other such epoxycyclohexyl alkyl groups; monovalent organic groups containing epoxy 

10 groups such as 4-oxyranyl butyl, 8-oxyranyl octyl, and other such oxyranyl alkyl groups; 
3-methacryloxy propyl groups and other such monovalent organic groups containing acryl 
groups; and hydrogen atoms. Since satisfactory adhesion can be provided to various 
bases, the organosilicon compound preferably has at least one monovalent organic group 
containing an epoxy group per molecule. Examples of such organosilicon compounds 

1 5 include organosilanes, organosiloxanes, and silatranes. Examples of the molecular 
structure of such organosiloxanes include a straight chain structure, a partially branched 
straight chain structure, a branched chain structure, a ring structure, and a net structure, and 
a straight chain structure, a branched chain structure, or a net structure is particularly 
preferred. 

20 [0025] Examples of the organosilicon compound in component (D) include 

3-glycidoxypropyl trimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl trimethoxysilane, 
3-methacryloxypropyl trimethoxysilane, and other such organosilanes; organosiloxanes 
having at least one of each of a silicon-bonded alkoxy group and a silicon-bonded alkenyl 
group or a silicon-bonded hydrogen atom per molecule, mixtures of organosilanes or 

25 organosiloxanes having at least one silicon-bonded alkoxy group and organosiloxanes 

having at least one of each of a silicon-bonded hydroxy group and a silicon-bonded alkenyl 
group per molecule, organosiloxanes shown by the average unit formula: 

{ (CH 2 =CH) CH 3 Si0 2/2 } . (CH 3 0 1/2 ) b {CH 2 - CHCH 2 0 (CH 2 ) 3 Si0 3/2 } 0 
\ / 
0 

where a, b, and c are positive numbers, 
30 organosiloxanes shown by the average unit formula 
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{ (CH 2 =CH) CH 3 Si0 2/2 } . (CH 3 0 l/2 ) b {CH 2 - CHCH 2 0 (CH 2 ) 3 Si0 3/2 } , { (CH 3 ) 2 Si0 2/2 } d 
\ / 



where a, b, c, and d are positive numbers, 
silatranes shown by the formula 

CH2 = CH 



AM 

(CH 3 0) 3 SiCH 2 CH 2 CH 2 OCH 2 -/ ) ^CH 2 OCH 2 CH 2 CH 2 Si(OCH 3 ) 3 



5 and silatranes shown by the formula 

CH 2 =CH 



(CH 3 0) 3 SiCH 2 CH 2 CH 2 OCH 2 - 




;H 2 OCH2CH 2 CH 2 Si(OCH 3 ) 3 
:OCH 2 CH 2 CH 2 Si(OCH 3 ) 3 



[0026] In the composition, the content of component (D) is not limited as long as it is 
present in a sufficient amount capable of endowing the composition with satisfactory 
adhesiveness, but is preferably 0.01 to 20 parts by weight, and is more preferably 0. 1 to 10 
parts by weight, per 100 parts by weight of component (A). This is because the 
adhesiveness of the resulting composition tends to decrease when the content of 
component (D) is less than the lower limit of the above-mentioned ranges, and the 
mechanical characteristics of the resulting cured product tends to be adversely affected 
when the content exceeds the upper limit of the above-mentioned ranges, although the 
adhesiveness of the resulting composition remains unaffected. 

[0027] Component (E) is a hydrosilylation catalyst for promoting curing reactions in 
the composition. Examples of component (E) include platinum catalysts, rhodium 
catalysts, and palladium catalysts, and a platinum catalyst is particularly preferred because 
it can significantly promote the curing reaction. Examples of this platinum catalyst 
include fine platinum powders, platinum black, platinum supported fine silica powders, 
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platinum supported active carbon, chloroplatinic acid, alcohol solutions of chloroplatinic 
acid, platinum-olefin complexes, platinum alkenyl siloxane complexes, and resin powders 
wherein these platinum catalysts are dispersed or encapsulated in an acrylic resin, 
polycarbonate resin, silicone resin, polyamide resin, or other such thermoplastic resin. 
5 [0028] In the composition, the content of component (E) is not limited as long it is an 
amount sufficient to promote the curing reaction of the above-mentioned composition; for 
example, when a platinum catalyst is used as component (E), the amount of platinum metal 
in the catalyst is preferably 0.01 to 1,000 ppm in units of weight in relation to the 
composition, and is more preferably 0. 1 to 500 ppm. This is because the curing reaction 

10 of the resulting composition tends to be extremely slow when the content of component (E) 
is an amount less than the lower limit of the above-mentioned range, and the resulting 
cured product is in danger of becoming colored or undergoing other undesirable changes 
when the content exceeds the upper limit of the above-mentioned range, although the 
curing speed remains largely unaffected. 

1 5 [0029] To adjust the curing speed, the above-mentioned composition preferably 
contains a curing inhibitor such as 3-methyl-l-butyn-3-ol, 3,5-dimethyl-l-hexyn-3-ol, 
phenyl butynol, or another such alkyne alcohol; 3-methyl-3-penten-l-yn, 
3,5-dimethyl-3-hexen-l-yn, or another such en-yn compound; 
1 ,3,5,7-tetramethyl- 1 ,3,5,7-tetravinyl cyclotetrasiloxane, 

20 l,3,5,7-tetramethyl-l,3,5,7-tetrahexenyl cyclotetrasiloxane, or another such organosiloxane 
containing an alkenyl group; an organosilane shown by the formula 

CH 3 Si [OC(CH 3 ) 2 CsCH] 3 
an organosilane shown by the formula 

CH 3 (CH 2 =CH) Si [OC(CH 3 ) 2 C=CH] 2 

25 an organosilane shown by the formula 
(CH 3 ) 3 Si [OC(CH 3 ) 2 GCH] 
or another such organosilane containing an alkynoxy group; or benzotriazole. 
[0030] In the composition, the content of the curing inhibitor is not limited, but is 
preferably 0.00001 to 5 parts by weight per 100 parts by weight of component (A). This 

30 is because the curing speed of the resulting composition is difficult to adjust and handling 
operations are impaired when the content of the curing inhibitor is less than the lower limit 
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of the above-mentioned range, the resulting composition is in danger of being insufficiently 
cured when the content exceeds the upper limit of the above-mentioned range. 
[0031] The composition may also contain dyes, pigments, agents for imparting heat 
resistance, flame retardants, and other additives that can commonly be admixed into 
5 curable silicone compositions as other optional components as long as the objects of the 
present invention are not compromised. 

[0032] To adjust the curing speed of any hydrosilylation-curable silicone composition 
for manufacturing the above-mentioned sheet, it is possible, for example, to select the type 
of component (C), to select the type of component (E), to adjust the content thereof, to 

1 0 select the type of curing inhibitor, and to adjust the content thereof. Specifically, when an 
organopolysiloxane having silicon-bonded hydrogen atoms at the ends of the molecular 
chain is used as component (C) in the composition, higher reactivity is achieved that is 
provided by an organopolysiloxane having silicon-bonded hydrogen atoms in the side 
chains of the molecular chain, and the resulting composition is therefore rapidly cured. 

1 5 Also in the composition, the resulting composition is cured more rapidly with a larger 

content of component (E). Also, the resulting composition is cured slower with a greater 
content of the curing inhibitor. Thus, clay-like curable silicone compositions with 
different curing speeds can be prepared. The curing speeds of these clay-like curable 
silicone compositions may, for example, be ascertained based on their 90% vulcanizing 

20 times {tc(90)} measured under the same temperature conditions (for example, 130°C, 

150°C) in vulcanizing tests conducted using an oscillating vulcanizing tester, as specified 
byJISK6300. 

[0033] In Fig. 1, protective films 3 and 4 are firmly bonded to both surfaces of the 
sheet. The use of the protective films is optional, but the protective films are preferably 

25 firmly bonded to either side or both sides of the sheet because they prevent dust from 

depositing on the front surface of the sheet. The protective films are peeled off when the 
sheet is used. The protective films 3 and 4 may be the same or different. Examples of 
such protective films specifically include films comprising polyethylene terephthalate 
resins (PET), polypropylene resins (PP), polyether sulfone resins (PES), triacetate cellulose 

30 resins (TAC) and other such cellulose resins, as well as polyimide resins, polyester resins, 
polyether resins, epoxy resins, phenol resins, polyamide resins, and other such organic 
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resins; and films wherein the surface of the film comprising these organic resins is covered 
with a fluorocarbon resin or another organic resin. 

[0034] The method for preparing the sheet is not limited, and examples include a 
method wherein a solution of a clay-like curable silicone composition in toluene, heptane, 

5 or another such organic solvent is applied to a protective film, an organic solvent solution 
of a clay-like curable silicone composition with a curing speed different from that of the 
aforementioned composition is similarly applied to another film, and the clay-like curable 
silicone compositions are then laminated together; a method wherein an organic solvent 
solution of a clay-like curable silicone composition is applied to a protective film, and an 

10 organic solvent solution of a clay-like curable silicone composition with a curing speed 
different from that of the aforementioned composition is further applied; and a method 
wherein the protective film is covered with a composition by calendering, and an organic 
solvent solution of a clay-like curable silicone composition with a curing speed different 
from that of the aforementioned composition is then applied. 

1 5 [0035] An alternative silicone-based adhesive sheet of this invention is shown in 
Fig. 2. The sheet has a cured silicone layer 5 on one surface and a clay-like curable 
silicone composition layer 6 on the other surface. The thickness of the cured layer 5 is not 
limited, but is preferably 100 fan or less, more preferably 1 to 100 /an, and even more 
preferably 1 to 50 /on. The thickness of the composition layer 6 is also not limited, but is 

20 preferably 100 /an or less, more preferably 1 to 100 /an, and even more preferably 1 to 
50 pan. The thickness of the sheet is also not limited, but is preferably 100 fim or less. 
[0036] The cured layer 5 is formed, for example, by curing a hydrosilylation-curable 
silicone composition, a condensation-curable silicone composition, a silicone composition 
curable by radical reactions involving organic peroxides, a silicone composition curable by 

25 high-energy radiation, or another curable silicone composition, but is preferably formed by 
curing a hydrosilylation-curable silicone composition. The properties of the cured 
product are not limited, but are preferably those of an elastomer, and particularly preferably 
those of rubber. 

[0037] In this sheet, the plasticity number of the clay-like curable silicone 
30 composition, as specified by JIS K 6249 is not limited, but is preferably 1 00 to 800, more 
preferably 100 to 700, and even more preferably 100 to 500. According to the 
specifications in JIS K 6249, this plasticity number is the value when a load of 49 ± 0.05N 
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is applied for 3 minutes to a specimen {a cylindrical object (diameter: 16 mm, height: 
10 mm) with a volume of 2 ± 0.02 cubic centimeters (cm 3 )} by means of a parallel plate 
plastimeter (William's Plastimeter). 

[0038] The properties of the cured silicone composition obtained by curing the clay- 
5 like curable silicone composition are not limited, but are preferably those of an elastomer, 
and particularly preferably those of rubber. The cured structure of this curable silicone 
composition is not limited, and examples thereof include a hydrosilylation-curable silicone 
composition, a condensation-curable silicone composition, a silicone composition curable 
by radical reactions involving organic peroxides, and a curable silicone composition 
10 curable by high-energy radiation, with a hydrosilylation-curable silicone composition being 
particularly preferred. The hydrosilylation-curable silicone composition is as previously 
described. 

[0039] In Fig. 2, protective films 7 and 8 are firmly bonded to both surfaces of the 
silicone-based adhesive sheet. The use of these protective films is optional, but the 
15 protective films are preferably firmly bonded to either side or both sides of the sheet 
because they prevent dust from depositing on the front surface of the sheet. The 
protective films are peeled off when the sheet is used. The protective films 7 and 8 may 
be the same or different. Examples of such protective films include the same films as 
previously described. 

20 [0040] The method for preparing the sheet is not limited, and examples include a 

method wherein a solution of a clay-like curable silicone composition in toluene, heptane, 
or another such organic solvent is applied to a protective film, an organic solvent solution 
of a clay-like curable silicone composition with a curing speed different from that of the 
aforementioned composition is similarly applied to another film, the clay-like curable 

25 silicone compositions are then laminated together, and then only one of the clay-like 

curable silicone compositions is cured; a method wherein an organic solvent solution of a 
curable silicone composition is applied to a protective film and the composition is cured, 
and an organic solvent solution of the clay-like curable silicone composition is then applied 
to the cured product; a method wherein a liquid curable silicone composition is applied to a 

30 protective film, the composition is cured, a solution of the clay-like curable silicone 

composition in toluene, heptane, or another such organic solvent is then applied to another 
protective film, and the films are laminated together; a method wherein component (C) or 
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component (E) is applied to a protective film, an organic solvent solution of the clay-like 
curable silicone composition is similarly applied to another protective film, component (C) 
or component (E) is laminated together with the clay-like curable silicone composition, and 
only one surface of the clay-like curable silicone composition is then cured; and a method 
5 wherein a protective film is covered with a curable silicone composition by calendering, 
the composition is cured, and then an organic solvent solution of the clay-like curable 
silicone composition is applied to the cured product. 

[0041] Such a silicone-based adhesive sheet of the present invention is useful as an 
adhesive sheet for all types of bases because it can satisfactorily bond a smooth base and a 

10 base having irregularities in the surface, and can make the thickness of the bonded layer 
nearly uniform. In particular, using the silicone-based adhesive sheet of the present 
invention as an adhesive for a chip attachment component and a semiconductor chip having 
irregularities in at least one surface is advantageous in that the thickness of the bonded 
layer can be made nearly uniform, and therefore no inconveniences occur during 

1 5 subsequent wire bonding processes. Such a silicone-based adhesive sheet of the present 
invention is suitable as an adhesive for bonding a semiconductor chip having irregularities 
in at least one surface to a chip attachment component. The sheet preferably has a low 
content of uranium and thorium. The sheet also preferably has a low content of sodium, 
potassium, and other such alkali metal ions or halogen ions. Furthermore, the sheet 

20 preferably has a low content of low-molecular siloxanes. 

Method for Bonding the Semiconductor Chip and Chip Attachment Component 
[0042] Fig. 3 illustrates the method for bonding the semiconductor chip and the chip 
attachment component of this invention. This method comprises the steps of: 

(1) producing a semiconductor chip by dicing a laminated body composed of a 
25 cured silicone layer 1 0 bonded to a wafer 9, a layer of clay-like curable silicone 

composition 1 1 firmly bonded to the cured layer 10, a protective film 12 firmly bonded to 
the composition layer 11, and a sheet 13 adhesively attached to the film 12; 

(2) peeling the protective film 12 and the sheet 13 from the chip; 

(3) bonding the semiconductor chip to the chip attachment component by pressing 
30 the semiconductor chip to the chip attachment component via the composition layer 1 1 ; 

and 

(4) curing the composition layer 11. 
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[0043] Examples of the method for forming a laminated body comprising the cured 
silicone layer 10 bonded to the wafer 9 and the clay-like curable silicone composition 
layer 1 1 firmly bonded to the cured layer 10 include a method of curing the layer of 
composition (I) in a laminated body comprising a layer of clay-like curable silicone 
5 composition (T) firmly bonded to the wafer, and a layer of clay-like curable silicone 
composition (H) firmly bonded to composition (I) and endowed with a lower curing rate 
than the layer of composition (I), such that the layer of composition (IT) is prevented from 
being cured; and a method wherein the cured product layer of the cured silicone substance 
formed by laminating a cured silicone substance layer and a layer of clay-like curable 

1 0 silicone composition firmly bonded to the cured product on the wafer is bonded to the 
wafer such that the clay-like curable silicone composition is prevented from being cured. 
The silicone-based adhesive sheet used in these methods is as previously described. 
[0044] Next, the adhesive sheet 13 is laminated to the protective film 12 and is diced 
from the wafer 9 side. The adhesive sheet 1 3 may then be cut to nearly the middle. The 

1 5 semiconductor chip and the chip attachment component can be bonded by peeling off the 
protective film 12 and the adhesive sheet 13 from the semiconductor chip thus obtained, 
and bonding the chip under pressure to the semiconductor chip attachment component via 
the clay-like curable silicone composition layer 1 1, and then curing the composition 
layer 1 1 . The bonding conditions are not particularly limited, but it is preferable, for 

20 example, to heat to 50 to 250 °C, and more preferable to heat to 1 00 to 1 50 °C. The press- 
bonding time is preferably 1 second to 2 hours. The pressure is not particularly limited as 
long as the semiconductor chip or the chip attachment component is not damaged, but is 
preferably within a range of 0.3 to 2.0 megaPascals (MPa). 

Semiconductor Device 

25 [0045] In the semiconductor device of this invention, the semiconductor chip is 

bonded to the chip attachment component by the above-mentioned silicone-based adhesive 
sheet, and examples of the semiconductor device include a diode, transistor, thyristor, 
monolithic integrated circuit (IC), hybrid IC, large scale integrated circuit (LSI), and very 
large scale integrated circuit (VLSI), and a package referred to as chip scale package (CSP) 

30 is also included in the semiconductor device of the present invention. Examples of the 
semiconductor chip include diodes, transistors, thyristors, monolithic ICs, and 
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semiconductor chips and circuit board elements on which such semiconductor chips are 
mounted in hybrid ICs, LSIs, and VLSIs. 

[0046] Examples of the semiconductor chip attachment component include ceramics, 
glass, epoxy resins, polyimide resins, phenol resins, Bakelite resins, melamine resins, glass 
5 fiber reinforced epoxy resins, glass fiber reinforced BT resins, and other such circuit 
boards, as well as chip carriers and tabs. Examples of the bonding wire include gold, 
silver, aluminum, and other such metallic thin wires. Ultrasonic thermocompression 
bonding is commonly used as the method for connecting the bonding wire. 
[0047] Examples of the semiconductor device include a semiconductor device 

1 0 comprising a silicone-based adhesive sheet having a layer of clay-like curable silicone 

composition (T) on one side and having a layer of a slower curing clay-like curable silicone 
composition (H) than the layer of composition (I) on the other side, whereby, when the 
semiconductor chip is bonded to the chip attachment component, (i) the layer of 
composition (I) is cured so that the layer of composition (IT) remains uncured while the 

15 layer of composition (I) is kept in contact with a semiconductor chip, and the layer of 
composition (H) is subsequently cured while kept in contact with a semiconductor chip 
attachment component, or alternatively, a semiconductor device whereby (ii) the layer of 
composition (I) is cured so that the layer of composition (IT) remains uncured while the 
layer of composition (I) is kept in contact with the semiconductor chip attachment 

20 component, and the layer of composition (H) is subsequently cured while kept in contact 
with the semiconductor chip. 

[0048] The conditions for bonding the silicone-based adhesive sheet to the 
semiconductor chip or the chip attachment component are not particularly limited but, for 
example, heating is preferably performed at 50 to 250 °C, and more preferably at 100 to 
25 1 50 °C. The press-bonding time is preferably 1 second to 2 hours. The pressure is not 
particularly limited as long as the semiconductor chip or the chip attachment component is 
not damaged, but is preferably 0.3 to 2.0 MPa. 

[0049] In the semiconductor device according to (i) above, the layer of clay-like 
curable silicone composition (I) is bonded to a semiconductor chip, and the surface of the 
30 semiconductor chip may be either smooth or irregular. In the above-mentioned bonding 
conditions, the layer of cured product (I) must then be cured under conditions wherein the 
layer of clay-like curable silicone composition (S) is not cured. The layer of clay-like 
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curable silicone composition (II) is then bonded to the semiconductor chip attachment 
component, and the surface of the attachment component may either be smooth or 
irregular. Next, the layer of composition (D) can be bonded by being curing under the 
above-mentioned bonding conditions. 
5 [0050] In the semiconductor device according to (ii) above, the layer of clay-like 

curable silicone composition (T) is bonded to a semiconductor chip attachment component, 
and the surface of the chip attachment component may be either smooth or irregular. In 
the above-mentioned bonding conditions, the layer of cured product (T) must then be cured 
under conditions wherein the layer of clay-like curable silicone composition (J£) is not 
10 cured. The layer of clay-like curable silicone composition (IT) is then bonded to the 

semiconductor chip attachment component, and the surface of the attachment component 
may either be smooth or irregular. Next, the layer of composition (IT) can be bonded by 
curing under the above-mentioned bonding conditions. 

[0051] Examples of this semiconductor device, in which a silicone-based adhesive 

1 5 sheet having a cured silicone layer on one side and having a layer of clay-like curable 
silicone composition on the other side is used to bond a semiconductor chip to the chip 
attachment component, include (iii) a semiconductor device wherein the cured layer is 
bonded so that the composition layer remains uncured while the cured layer is kept in 
contact with the semiconductor chip, and the composition layer is subsequently cured while 

20 kept in contact with the semiconductor chip attachment component, or alternatively, (iv) a 
semiconductor device wherein the cured layer is bonded so that the composition layer 
remains uncured while the cured layer is kept in contact with the semiconductor chip 
attachment component, and the composition layer is subsequently cured while kept in 
contact with the semiconductor chip. 

25 [0052] The conditions for bonding the silicone-based adhesive sheet to the 

semiconductor chip or the chip attachment component are not particularly limited, but it is 
preferable, for example, to heat to 50 to 250 °C, and is more preferable to heat to 100 to 
1 50 °C. The press-bonding time is preferably 1 second to 2 hours. The pressure is not 
particularly limited as long as the semiconductor chip or the chip attachment component is 

30 not damaged, but is preferably within a range of 0.3 to 2.0 MPa, 

[0053] Particularly, in the above-mentioned (iii) semiconductor device, the 
semiconductor chip must have a smooth surface because the silicone cured layer is bonded 
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to the semiconductor chip, and in the above-mentioned bonding conditions, the cured layer 
must be bonded under conditions wherein the layer of clay-like curable silicone 
composition is not cured. The layer of clay-like curable silicone composition is then 
bonded to the semiconductor chip attachment component, and the surface of the chip 
5 attachment component preferably has irregularities. Next, the composition can be bonded 
by curing under the above-mentioned bonding conditions. 
[0054] In the above-mentioned (iv) semiconductor device, the chip attachment 
component must have a smooth surface because the silicone cured layer is bonded to the 
semiconductor chip attachment component, and in the above-mentioned bonding 
1 0 conditions, the cured layer must be bonded under conditions wherein the layer of clay-like 
curable silicone composition is not cured. The layer of clay-like curable silicone 
composition is then bonded to the semiconductor chip, and the surface of the chip 
preferably has irregularities. Next, the composition can be bonded by curing under the 
above-mentioned bonding conditions. 

15 Examples 

[0055] In the examples, the viscosity is the value at 25 °C. The plasticity numbers of 
the clay-like curable silicone compositions are the values when a load of 49 ± 0.05N is 
applied for 3 minutes to a specimen {a cylindrical object (diameter: 16 mm, height: 
10 mm) with a volume of 2 ± 0.02 cm 3 } by means of a parallel plate plastimeter (William's 

20 Plastimeter) according to the specifications in JIS K 6249. The curing speeds of the clay- 
like curable silicone compositions are shown based on their 90% vulcanizing times 
(tc(90)} measured under the same temperature conditions (for example, 130°C, 150°C) in 
vulcanizing tests performed using an oscillating vulcanizing tester, as specified by JIS K 
6300. Furthermore, the hardness of the cured silicone substance is measured by a type-A 

25 durometer, as specified by JIS K 6253. 

Reference Example 1- Preparation of Clay-like Silicone Rubber Composition I 
[0056] A silicone rubber base was created with a kneader mixer by heating and mixing 
100 parts by weight (weight average molecular weight = 370,000) of 
dimethylsiloxane/methylvinylsiloxane copolymer raw rubber blocked with 
30 dimethylvinylsiloxy groups at both ends of the molecular chain, comprising 99.85 mol% 

dimethylsiloxane units and 0.15 mol% methylvinylsiloxane units, 10.0 parts by weight or 
dimethylsiloxane oligomer blocked with silanol groups at both ends of the molecular chain 
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with a viscosity of 60 mPa-s, and 40 parts by weight of fumed silica (AEROSIL 200®; 
made by Japan Aerosil Co., Ltd.; BET specific surface area: 200 square meters per gram 
(m 2 /g)). 

[0057] Next, two rolling mills were used to uniformly mix 1 00 parts by weight of the 
5 silicone rubber base, 0.8 parts by weight of methylhydrogenpolysiloxane blocked with 
trimethylsiloxy groups at both ends of the molecular chain with a viscosity of 30 mPa-s (the 
amount of silicon-bonded hydrogen atoms in the methylhydrogenpolysiloxane was 3.1 mol 
per mole of the vinyl groups in the dimethylsiloxane/methylvinylsiloxane copolymer raw 
rubber that was blocked with dimethylvinylsiloxy groups at both ends of the molecular 
1 0 chain and was contained in the above-mentioned silicone rubber base), 0.05 parts by 
weight of an organosilane shown by the formula 

CH 3 Si [OC(CH 3 ) 2 C3CH] 3 
as a curing inhibitor, and 1.0 parts by weight of an organosiloxane shown by the average 
unit formula 

{ (CH 2 =CH) C^SiOw) o. 21 « 1/2 ) 0.35 <CH 2 - CHCH 2 0 (CH 2 ) 3 Si0 3/2 } 0 . „ { (CH 3 ) 2 Si(W 0 . 20 
15 0 

as an adhesion promoter, then a 1,3-divinyltetramethyldisiloxane solution of a 
1,3-divinyltetramethyldisiloxane complex of platinum (in the present composition, the 
amount of platinum metal in the complex was 20 ppm in weight units) was mixed to create 
the clay-like silicone rubber composition (I). 
20 [0058] The plasticity number of the clay-like curable silicone composition (I) was 240. 
The curing speed of the clay-like curable silicone composition Q) had a tc(90), as specified 
by JIS K 6300, of 2.5 minutes at 130 °C and 1 minute at 150 °C. The hardness of the 
silicone rubber obtained by curing was 60. 

[0059] Next, 20 parts by weight of the clay-like silicone rubber composition (T) and 80 
25 parts by weight of toluene were stirred in a separable flask to create a toluene solution of 
the clay-like silicone rubber composition (J) with a viscosity of 3,500 mPa-s. 

Reference Example 2 - Preparation of Clay-like Silicone Rubber Composition II 
[0060] A silicone rubber base was created with a kneader mixer by heating and mixing 
100 parts by weight (weight average molecular weight = 370,000) of 
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dimethylsiloxane/methylvinylsiloxane copolymer raw rubber blocked with 
dimethylvinylsiloxy groups at both ends of the molecular chain, comprising 99.85 mol% 
dimethylsiloxane units and 0.15 mol% methylvinylsiloxane units, 10.0 parts by weight of 
dimethylsiloxane oligomer blocked with silanol groups at both ends of the molecular chain 
5 with a viscosity of 60 mPa-s, and 40 parts by weight of fumed silica (AEROSIL 200®; 
made by Japan Aerosil Co., Ltd.; BET specific surface area: 200 m 2 /g). 
[0061] Next, two rolling mills were used to uniformly mix 100 parts by weight of the 
above-mentioned silicone rubber base, 0.8 parts by weight of methylhydrogenpolysiloxane 
blocked with trimethylsiloxy groups at both ends of the molecular chain with a viscosity of 

10 30 mPa-s (the amount of silicon-bonded hydrogen atoms in the 

methylhydrogenpolysiloxane was 3.1 mol per mole of the vinyl groups in the 
dunethylsiloxane/methylvinylsiloxane copolymer raw rubber that was blocked with 
dimethylvinylsiloxy groups at both ends of the molecular chain and was contained in the 
above-mentioned silicone rubber base), 0.2 parts by weight of an organosilane shown by 

15 the formula 

CH 3 Si [OC(CH 3 ) 2 C=CH] 3 
as a curing inhibitor, and 1.0 parts by weight of an organosiloxane shown by the average 
unit formula 

{ (CH 2 =CH) CH 3 Si0 2/2 } 0 . 27 (CH 3 0 l/2 ) 0 . 35 {CH 2 - CHCH 2 0 (CH 2 ) 3 Si0 3/2 } 0 . l8 { (CH 3 ) 2 Si0 2/2 } 0 . 20 
\/ 
0 

20 as an adhesion promoter, then a 1 ,3-divinyltetramethyldisiloxane solution of a 

1,3-divinyltetramethyldisiloxane complex of platinum (in the present composition, the 
amount of platinum metal in the complex was 20 ppm in weight units) was mixed to create 
the clay-like silicone rubber composition (D). 

[0062] The plasticity number of the clay-like silicone composition (II) was 240. The 
25 curing speed of the clay-like silicone composition (U) had a tc(90), as specified by JIS K 
6300 of 40 minutes at 130°C and 10 minutes at 150°C. The hardness of the silicone 
rubber obtained by curing was 60. 

[0063] Next, 20 parts by weight of the above-mentioned clay-like silicone rubber 
composition (II) and 80 parts by weight of toluene were stirred in a separable flask to create 
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a toluene solution of the clay-like silicone rubber composition (TJ) with a viscosity of 
3,500 mPa-s. 

Reference Example 3- Preparation of Clay-like Silicone Rubber Composition III 
[0064] A silicone rubber base was created with a kneader mixer by heating and mixing 
5 100 parts by weight (weight average molecular weight = 370,000) of 

dimethylsiloxane/methylvinylsiloxane copolymer raw rubber blocked with 
dimethylvinylsiloxy groups at both ends of the molecular chain, comprising 99.85 mol% 
dimethylsiloxane units and 0.15 mol% methylvinylsiloxane units, 10.0 parts by weight or 
dimethylsiloxane oligomer blocked with silanol groups at both ends of the molecular chain 
1 0 with a viscosity of 60 mPa-s, and 40 parts by weight of fumed silica (AEROSIL 200®; 
made by Japan Aerosil Co., Ltd.; BET specific surface area: 200 square meters per gram 
(m 2 /g)). 

[0065] Next, two rolling mills were used to uniformly mix 100 parts by weight of the 
silicone rubber base, 0.8 parts by weight of methylhydrogenpolysiloxane blocked with 

1 5 trimethylsiloxy groups at both ends of the molecular chain with a viscosity of 3 0 mPa-s (the 
amount of silicon-bonded hydrogen atoms in the methylhydrogenpolysiloxane was 3.1 mol 
per mole of the vinyl groups in the dimemylsiloxane/methylvinylsiloxane copolymer raw 
rubber that was blocked with dmiemylvinylsiloxy groups at both ends of the molecular 
chain and was contained in the above-mentioned silicone rubber base), 0.2 parts by weight 

20 of an organosilane shown by the formula 
CH 3 Si [OC(CH 3 )2GeCH] 3 
as a curing inhibitor, and 1 .0 parts by weight of an organosiloxane shown by the average 
unit formula 

{ (CH 2 =CH) CH 3 Si0 2/2 } o. 27 (CH 3 0 1/2 ) 0 . x {CH 2 - CHCH 2 0 (CH 2 ) 3 Si0 3/8 } 0 . l8 { (CH 3 ) 2 Si(W „ 20 
0 

25 as an adhesion promoter, then a 1 ,3-divinyltetramethyldisiloxane solution of a 

1,3-divinyltetramethyldisiloxane complex of platinum (in the present composition, the 
amount of platinum metal in the complex was 20 ppm in weight units) was mixed to create 
the clay-like silicone rubber composition (ffl). 
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[0066] The plasticity number of the clay-like curable silicone composition (ID) was 
240. The curing speed of the clay-like curable silicone composition (IE) had a tc(90), as 
specified by JIS K 6300, of 40 minutes at 130 °C and 10 minute at 150 °C. The hardness 
of the silicone rubber obtained by curing was 60. 
5 [0067] Next, 20 parts by weight of the clay-like silicone rubber composition (I) and 80 
parts by weight of toluene were stirred in a separable flask to create a toluene solution of 
the clay-like silicone rubber composition (JTS) with a viscosity of 3,500 mPa-s. 

Example 1 

[0068] A silicone rubber sheet with a thickness of 5 fan firmly bonded to a polyester 
1 0 sulfone resin film was created by using a scraper to apply the toluene solution of the clay- 
like silicone rubber composition (E) created in Reference Example 2 with a thickness of 
25 fan to the polyester sulfone resin film, then blow-drying the result at room temperature 
for 2 hours, and curing the clay-like silicone rubber composition (D) by heating for 30 
minutes at 150 °C. 

1 5 [0069] Next, a scraper was used to apply the toluene solution of the clay-like silicone 
rubber composition (II) created in Reference Example 2 with a thickness of 225 fan to the 
silicone rubber sheet, and the result was blow-dried at room temperature for 2 hours. The 
total thickness of the blow-dried silicone rubber sheet and clay-like silicone rubber 
composition layer was 50 fan. Next, a polyester sulfone resin film was firmly bonded to 

20 the surface of the clay-like silicone rubber composition layer by means of a rubber roller, 
and the silicone rubber layer and the clay-like silicone rubber composition layer shown in 
Fig. 2 were laminated to create a silicone-based adhesive sheet in which a polyester sulfone 
resin film was firmly bonded to both surfaces as a protective film. 
[0070] The silicone-based adhesive sheet was cut into squares 10 mm on a side, the 

25 polyester sulfone resin film firmly bonded to the silicone rubber layer was peeled off, a 
silicon chip 10 mm on a side was press-bonded for 1 second at 190 °C and a pressure of 
1.0 MPa, the polyester sulfone resin film firmly bonded to the clay-like silicone rubber 
composition layer was peeled off, the layer was press-bonded for 1 second at 190 °C and a 
pressure of 1.0 MPa to the wiring surface of a board made from a glass fiber reinforced 

30 epoxy resin with 20 fan irregularities, and the result was heated for 60 minutes at 1 50 °C to 
cure the clay-like silicone rubber composition, creating a device. 
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[0071] The total thickness of the device was measured, and the thickness of the 
silicone adhesive layer at the four corners of the chip was measured by subtracting the 
thickness of the silicon chip and the board made from a glass fiber reinforced epoxy resin, 
whereupon the thickness of the silicone adhesive layer was found to be uniform at 48 /mi in 
5 all cases. The silicon chip was pulled upward to confirm adhesiveness, and it was found 
that the silicone adhesive layer had undergone a cohesive failure, confirming that the 
adhesiveness was satisfactory. 

[0072] Next, a metal wire with a diameter of 3 0 /mi was bonded to the above- 
mentioned device by ultrasonic thermocompression bonding to create the semiconductor 
10 device shown in Fig. 4. Thirty of these semiconductor devices were let to stand for 
30 minutes at -50 °C, then were immediately subjected to a heat cycle test wherein a 
30 minutes standing at 150 °C was one cycle, and the conductive fraction defective of the 
above-mentioned device was evaluated. The results thereof are shown in Table 1 . 
Example 2 

1 5 [0073] A toluene solution of the clay-like silicone rubber composition (1) created in 
Reference Example 1 was applied with a thickness of 50 /an to a polyester sulfone resin 
film different from that mentioned above using a scraper, and the result was blow-dried for 
2 hours at room temperature. The thickness of the layer of clay-like silicone rubber 
composition (I) after drying was 5 /on. 

20 [0074] A toluene solution of the clay-like silicone rubber composition (H) created in 
Reference Example 2 was applied with a thickness of 225 /mi to a polyester sulfone resin 
film different from that mentioned above using a scraper, and the result was blow-dried for 
2 hours at room temperature. The thickness of the layer of clay-like silicone rubber 
composition (IT) after drying was 45 /an. 

25 [0075] Next, the layer of clay-like silicone rubber composition (I) and the layer of clay- 
like silicone rubber composition (H) were laminated together to create the silicone-based 
adhesive sheet shown in Fig. 1, comprising a two-layered clay-like silicone rubber 
composition with a polyester sulfone resin film bonded to both surfaces. 
[0076] The silicone-based adhesive sheet was cut into squares 1 0 mm on a side, the 

30 polyester sulfone resin film firmly bonded to the layer of clay-like silicone rubber 

composition (I) was peeled off, the layer of clay-like silicone rubber composition (I) was 
cured by press-bonding a silicone chip 10 mm on a side for 2 minutes at 150°C and a 
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pressure of 1 .0 MPa, then the polyester sulfone resin film firmly bonded to the layer of 
clay-like silicone rubber composition (E) was peeled off, the layer was press-bonded for 
1 second at 1 90°C and a pressure of 1 .0 MPa to the wiring surface of a board made from a 
glass fiber reinforced epoxy resin with 20 /an irregularities, and the result was heated for 
5 60 minutes at 150°C to cure the clay-like silicone rubber composition, creating a device. 
[0077] The total thickness of the device was measured, and the thickness of the 
silicone adhesive layer at the four coiners of the chip was measured by subtracting the 
thickness of the chip and the board made from a glass fiber reinforced epoxy resin, 
whereupon the thickness of the silicone adhesive layer was found to be uniform at 48 /an in 
10 all cases. The silicone chip was pulled upward to confirm adhesiveness, and it was found 
that the silicone adhesive layer had undergone a cohesive failure, confirming that the 
adhesiveness was satisfactory. 

[0078] Next, a metal wire with a diameter of 30 /mi was bonded to the above- 
mentioned device by ultrasonic thermocompression bonding to create the semiconductor 
1 5 device shown in Fig. 4. Thirty of these semiconductor devices were let to stand for 
30 minutes at -50°C, then were immediately subjected to a heat cycle test wherein a 
30 minutes standing at 150°C was one cycle, and the conductive fraction defective of the 
above-mentioned device was evaluated. The results thereof are shown in Table 1 . 

Example 3 

20 [0079] Only the layer of clay-like silicone rubber composition (J) was cured by heating 
the silicone-based adhesive sheet created in Example 2 for 10 minutes at 130 °C, creating 
the silicone-based adhesive sheet shown in Fig. 2, wherein the silicone rubber layer and the 
layer of clay-like silicone rubber composition (IT) are laminated and the polyester sulfone 
resin film is firmly bonded to both surfaces as a protective film. 

25 [0080] The silicone-based adhesive sheet was cut into squares 10 mm on a side, the 
polyester sulfone resin film firmly bonded to the silicone rubber layer was peeled off, a 
silicone chip 10 mm on a side was press-bonded for 1 second at 190 °C and a pressure of 
1.0 MPa, then the polyester sulfone resin film firmly bonded to the layer of clay-like 
silicone rubber composition (Q) was peeled off, the layer was press-bonded for 1 second at 

30 1 90 °C and a pressure of 1 .0 MPa to the wiring surface of a board made from a glass fiber 
reinforced epoxy resin with 20 /an irregularities, and the result was heated for 60 minutes 
at 150 °C to cure the layer of clay-like silicone rubber composition (II), creating a device. 
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[0081] The total thickness of the device was measured and the thickness of the silicone 
adhesive layer at the four corners of the chip was measured by subtracting the thickness of 
the chip and the board made from a glass fiber reinforced epoxy resin, whereupon the 
thickness of the silicone adhesive layer was found to be uniform at 48 pern in all cases. 
5 The silicone chip was pulled upward to confirm adhesiveness, and it was found that the 
silicone adhesive layer had undergone a cohesive failure, confirming that the adhesiveness 
was satisfactory. 

[0082] Next, a metal wire with a diameter of 30 ftm was bonded to the above- 
mentioned device by ultrasonic thermocompression bonding to create the semiconductor 
1 0 device shown in Fig. 4. Thirty of these semiconductor devices were let to stand for 
30 minutes at -50 °C, then were immediately subjected to a heat cycle test wherein a 
30 minutes standing at 1 50 °C was one cycle, and the conductive fraction defective of the 
above-mentioned device was evaluated. The results thereof are shown in Table 1 . 

Example 4 

15 [0083] A toluene solution of a 1,3-divinyltetramethyldisiloxane complex of platinum 
contained in an amount of 500 ppm in terms of weight units as platinum metal was coated 
on a polyester sulfone resin film with a thickness of 50 /an using gauze, and the result was 
let to stand for 2 hours at room temperature and blow dried. 

[0084] A toluene solution of the clay-like silicone rubber composition (IT) created in 
20 Reference Example 2 was applied with a thickness of 250 ftm to a polyester sulfone resin 
film using a scraper, and the result was blow-dried for 2 hours at room temperature. The 
thickness of the layer of clay-like silicone rubber composition (D) after drying was 50 /on. 
[0085] Next, the layer of clay-like silicone rubber composition (11) and the surface 
coated with the 1,3-divinyltetramethyldisiloxane complex of platinum were laminated 
25 together to create a clay-like silicone-based adhesive sheet comprising a clay-like silicone 
rubber composition to which a polyester sulfone resin film was firmly bonded to both 
surfaces, then only the surface of the layer of clay-like silicone rubber composition (H) in 
contact with the 1,3-divinyltetramethyldisiloxane complex of platinum was cured by 
heating the result for 10 minutes at 130°C, and the silicone rubber layer and the layer of 
3 0 clay-like silicone rubber composition were laminated to create a clay-like silicone-based 
adhesive sheet in which a polyester sulfone resin film was firmly bonded to both surfaces 
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as a protective film. The silicone layer maintained a viscosity of about 30 fan. from the 
clay-like layer side. 

[0086] The clay-like silicone-based adhesive sheet was cut into squares 10 mm on a 
side, the polyester sulfone resin film firmly bonded to the silicone rubber layer was peeled 
5 off, a silicone chip 10 mm on a side was press-bonded for 1 second at 1 90 °C and a 
pressure of 1 .0 MPa, then the polyester sulfone resin film firmly bonded to the layer of 
clay-like silicone rubber composition (IT) was peeled off, the layer was press-bonded for 
1 second at 1 90 °C and a pressure of 1 .0 MPa to the wiring surface of a board made from a 
glass fiber reinforced epbxy resin with 20 /on irregularities, and the result was heated for 
10 60 minutes at 150 °C to cure the layer of clay-like silicone rubber composition (IT), creating 
a device. 

[0087] The total thickness of the device was measured, and the thickness of the 
silicone adhesive layer at the four corners of the chip was measured by subtracting the 
thickness of the chip and the board made from a glass fiber reinforced epoxy resin, 
1 5 whereupon the thickness of the silicone adhesive layer was found to be 48 fan in all cases. 
The silicone chip was pulled upward to confirm adhesiveness, and it was found that the 
silicone adhesive layer had undergone a cohesive failure, confirming that the adhesiveness 
was satisfactory. 

[0088] Next, a metal wire with a diameter of 30 fan was bonded to the above- 
20 mentioned device by ultrasonic thermocompression bonding to create a semiconductor 
device. Thirty of these semiconductor devices were let to stand for 30 minutes at -50 °C, 
then were immediately subjected to a heat cycle test wherein a 30 minutes standing at 150 
°C was one cycle, and the number of devices with conductivity defects was evaluated. 
The results thereof are shown in Table 1. 

25 Example 5 

[0089] A toluene solution (solids: 10 wt%) of an organopolysiloxane (content of 
silicon-bonded hydrogen atoms = 0.97% by weight) shown by the average unit formula 

[(CH&HSiOi/do^SiOa^M 
was coated on a polyester sulfone resin film with a thickness of 50 fan using gauze, and the 

30 result was let to stand for 2 hours at room temperature and blow dried. 

[0090] A toluene solution of the clay-like silicone rubber composition (IT) created in 
Reference Example 2 was applied with a thickness of 250 fan to a polyester sulfone resin 
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film using a scraper, and the result was blow-dried for 2 hours at room temperature. . The 
thickness of the layer of clay-like silicone rubber composition (IT) after drying was 50 /an. 
[0091] Next, the layer of clay-like silicone rubber composition (H) and the surface 
coated with the organopolysiloxane shown by the average unit formula 

5 [(CH 3 ) 2 HSi0 1 /2]o.6(Si0 2 )o.4 

were laminated together to create a silicone-based adhesive sheet comprising a clay-like 
silicone rubber composition to which a polyester sulfone resin film was firmly bonded on 
both sides, then only the surface of the layer of clay-like silicone rubber composition (IT) in 
contact with the organopolysiloxane shown by the average unit formula 

10 [(CH 3 ) 2 HSi0 1/2 ]o.6(Si0 2 ) 0 .4 

was cured by heating the result for 10 minutes at 130 °C, and as shown in Fig. 2, the 
silicone rubber layer and the layer of clay-like silicone rubber composition were laminated 
to create a clay-like silicone-based adhesive sheet in which a polyester sulfone resin film 
was firmly bonded to both surfaces as a protective film. The silicone layer maintained a 

1 5 viscosity of about 30 /on from the clay-like layer side. 

[0092] The clay-like silicone-based adhesive sheet was cut into squares 10 mm on a 
side, the polyester sulfone resin film firmly bonded to the silicone rubber layer was peeled 
off, a silicone chip 10 mm on a side was press-bonded for 1 second at 190 °C and a 
pressure of 1 .0 MPa, then the polyester sulfone resin film firmly bonded to the layer of 

20 clay-like silicone rubber composition (IT) was peeled off, the layer was press-bonded for 
1 second at 190 °C and a pressure of 1 .0 MPa to the wiring surface of a board made from a 
glass fiber reinforced epoxy resin with 20 /an irregularities, and the result was heated for 
60 minutes at 150 °C to cure the layer of clay-like silicone rubber composition (El, creating 
a device. 

25 [0093] The total thickness of the device was measured, and the thickness of the 
silicone adhesive layer at the four corners of the chip was measured by subtracting the 
thickness of the chip and the board made from a glass fiber reinforced epoxy resin, 
whereupon the thickness of the silicone adhesive layer was found to be uniform 48 /on in 
all cases. The silicone chip was pulled upward to confirm adhesiveness, and it was found 

30 that the silicone adhesive layer had undergone a cohesive failure, confirming that the 
adhesiveness was satisfactory. 
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10094] Next, a metal wire with a diameter of 30 /an was bonded to the above- 
mentioned device by ultrasonic thermocompression bonding to create a semiconductor 
device. Thirty of these semiconductor devices were let to stand for 30 minutes at -50 °C, 
then were immediately subjected to a heat cycle test wherein a 30 rninutes standing at 150 
5 °C was one cycle, and the number of devices with conductivity defects was evaluated. 
The results thereof are shown in Table 1. 

Example 6 

[0095] The protective film on the clay-like silicone rubber composition (I), created in 
Example 2, of the silicone-based adhesive sheet wherein the layer of clay-like silicone 

1 0 rubber composition (I) and the layer of clay-like silicone rubber composition (D) were 
laminated and a protective film was firmly bonded to both surfaces, was peeled off and 
firmly bonded to a 4-inch silicon wafer prior to dicing using a rubber roller. Next, the 
result was heated for 10 rninutes at 130 °C, and only the layer of clay-like silicone rubber 
composition (J) was cured. 

1 5 [0096] Next, an adhesive sheet with a thickness of 90 fan was laminated to the 

protective film firmly bonded to the silicone-based adhesive sheet, which was itself bonded 
to the silicon wafer, and the product was diced into squares 10 mm on a side using a dicing 
saw DAD 340 made by Disco Corporation. The bottom surface of the adhesive sheet was 
cut away, leaving 60 fim. 

20 [0097] When the diced semiconductor chip was picked up using the adhesive sheet, 
the protective film remained on the adhesive sheet side. A device was created by a 
process in which the silicone-based adhesive sheet bonded to the semiconductor chip was 
press-bonded for 1 second at room temperature at a pressure of 1 .0 MPa to the wiring 
surface of a board made from a glass fiber reinforced epoxy resin with 20 faa irregularities, 

25 and the product was then heated for 60 minutes at 150 °C to cure the layer of clay-like 
silicone rubber composition. 

[0098] The total thickness of the device was measured, and the thickness of the 
silicone adhesive layer at the four corners of the chip was measured by subtracting the 
thickness of the chip and the board made from a glass fiber reinforced epoxy resin, 
30 whereupon the thickness of the silicone adhesive layer was found to be uniform at 48 /an in 
all cases. The silicone chip was pulled upward to confirm adhesiveness, and it was found 
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that the silicone adhesive layer had undergone a cohesive failure, confirming that the 
adhesiveness was satisfactory. 

[0099] Next, a metal wire with a diameter of 3 0 fan. was bonded to the above- 
mentioned device by ultrasonic thermocompression bonding to create the semiconductor 
5 device shown in Fig. 4. Thirty of these semiconductor devices were let to stand for 
30 minutes at 50 °C, then were immediately subjected to a heat cycle test wherein a 
30 minutes standing at 150 °C was one cycle, and the number of devices with conductivity 
defects was evaluated. The results thereof are shown in Table 1 . 

Comparative Example 1 
10 [0100] 72 parts by weight of dimetbylpolysiloxane blocked wim dimethylvinylsiloxy 
groups at both ends of the molecular chain (content of vinyl groups = 0.08% by weight) 
with a viscosity of 40,000 mPa-s, 1 5 parts by weight of a 

dimethylsiloxane/methylvinylsiloxane copolymer blocked with dimethylvinylsiloxy groups 
at both ends of the molecular chain (content of vinyl groups = 0.84% by weight) with a 

1 5 viscosity of 6,000 mPa-s, 1 .5 parts by weight of water, 3 parts by weight of 

hexamethyldisilazane, and 10 parts by weight of fumed silica (AEROSIL 200®; made by 
Japan Aerosil Co., Ltd.; BET specific surface area 200 m 2 /g) were mixed for 1 hour at 
room temperature by means of a Ross mixer, and then heated and mixed for 2 hours at 
170°C under reduced pressure. The result was cooled to room temperature to create a 

20 semi-transparent paste silicone rubber base. 

[01 01] Next, 1 00 parts by weight of the above-mentioned silicone rubber base, 3 parts 
by weight of a dimethylsiloxane/methylhydrogensiloxane copolymer blocked with 
trimethylsiloxy groups at both ends of the molecular chain (content of silicon-bonded 
hydrogen atoms = 0.7% by weight) (the amount of silicon-bonded hydrogen atoms in the 

25 dimethylsiloxane/methylhydrogensiloxane copolymer blocked with trimethylsiloxy groups 
at both ends of the molecular chain was 3.0 mol per mole of the vinyl groups in the 
dimethylpolysiloxane blocked by dimethylvinylsilyl groups at both ends of the molecular 
chain and in the dimethylsiloxane/methylvinylsiloxane copolymer that was blocked with 
dimethylvinylsiloxy groups at both ends of the molecular chain and was contained in the 

30 above-mentioned silicone rubber base) with a viscosity of 5 mPa-s, 0.01 parts by weight of 
3-phenyl-l-butyn-3-ol as a curing inhibitor, and 1 .0 part by weight of an 
organopolysiloxane shown by the average unit formula 
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{ (CH 2 =CH) CH 3 Si0 2/2 } o. 27 (CH 3 0 1/2 ) „. 36 (CH 2 - CHCH 2 0 (CH 2 ) 3 Si0 3/2 } 0 . 18 { (CH 3 ) 2 Si0 2/2 } 0 . 20 
\/ 
0 

as an adhesion promoter were mixed uniformly, then a 1,3-divinyltetramethyldisiloxane 
solution of a 1,3-divinyltetramethyldisiloxane complex of platinum (in the present 
composition, the amount of platinum metal in the complex was 5 ppm in weight units) was 
5 mixed in to create a silicone rubber composition (IV) with a viscosity of 70,000 mPa-s. 
[0102] The silicone rubber composition was sandwiched between polyester sulfone 
resin films with a thickness of 50 fan, and then cured by heating for 30 rninutes in a 
convection oven at 80 °C while the thickness of the above-mentioned silicone rubber 
composition was kept at 50 fan by two stainless rollers with an adjusted clearance, thus 

1 0 yielding a silicone-based adhesive sheet. 

[0103] The silicone-based adhesive sheet was cut into squares 10 mm on a side, one 
sheet of the polyester sulfone resin film was peeled off, a silicone chip 10 mm on a side 
was press-bonded for 1 second at 190 °C and a pressure of 1.0 MPa, then the polyester 
sulfone resin film on the opposite side was peeled off, the layer was press-bonded for 

15 1 second at 1 90 °C and a pressure of 1 .0 MPa to the wiring surface of a board made from a 
glass fiber reinforced epoxy resin with 20 fan irregularities, and the result was heated for 
60 minutes at 150 °C to create a device. In this device, as a result of pulling off the 
silicone chip upward to confirm adhesiveness, the surfaces of the silicone adhesive layer 
and the wiring surface of the board made from a glass fiber reinforced epoxy resin peeled 

20 off. Therefore, wire bonding could not applied to the above-mentioned device. 

Example 7 

[01 04] A silicone rubber sheet with a thickness of 5 fan firmly bonded to a polyester 
sulfone resin film was created by using a scraper to apply the toluene solution of the clay- 
like silicone rubber composition (HI) created in Reference Example 3 with a thickness of 
25 25 fan to the polyester sulfone resin film, then blow-drying the result at room temperature 
for 2 hours, and curing the clay-like silicone rubber composition (IE) by heating for 30 
minutes at 150 °C. 

[0105] Next, a scraper was used to apply the toluene solution of the clay-like silicone 
rubber composition (ID) created in Reference Example 3 with a thickness of 225 fan to the 
30 silicone rubber sheet, and the result was blow-dried at room temperature for 2 hours. The 
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total thickness of the blow-dried silicone rubber sheet and clay-like silicone rubber 
composition layer was 50 pirn. Next, a polyester sulfone resin film was firmly bonded to 
the surface of the clay-like silicone rubber composition layer by means of a rubber roller, 
and the silicone rubber layer and the clay-like silicone rubber composition layer shown in 

5 Fig. 2 were laminated to create a silicone-based adhesive sheet (L) in which a polyester 
sulfone resin film was firmly bonded to both surfaces as a protective film. 
[0106] While, a silicone rubber base was created with a Ross® mixer by mixing 3 1 parts 
by weight of dimethylpolysiloxane blocked with dimethylvinylsiloxy groups at both ends 
of the molecular chain (content of vinyl groups = 0.23% by weight; content of low- 

10 molecular-weight siloxanes with vapor pressure MOrnmHg at 200 °C = 0.01% by weight) 
with a viscosity of 2,200 mPas, 56 parts by weight of an organopolysiloxane mixture with 
a viscosity of 7,000 mPa-s, consisting of 65% by weight of dimethylpolysiloxane blocked 
with dimethylvinylsiloxy groups at both ends of the molecular chain (content of vinyl 
groups = 0.23% by weight) with a viscosity of 2,000 mPa-s and 35% by weight of an 

15 organopolysiloxane resin (content of vinyl groups = 2.5% by weight) composed of the 
(CH2=CH)(CH 3 ) 2 SiOi/2 unit and the SiCh unit, and 13 parts by weight of fumed silica 
(AEROSIL 200®; made by Japan Aerosil Co., Ltd.; BET specific surface area 200 m 2 /g), 
then by heating and mixing for 2 hours at 170°C under reduced pressure. The result was 
cooled to room temperature to create a semi-transparent paste silicone rubber base. 

20 [0107] Next, 100 parts by weight of the above-mentioned silicone rubber base, 6 parts 
by weight of a dimethylsiloxane/methylhydrogensiloxane copolymer blocked with 
trimethylsiloxy groups at both ends of the molecular chain (content of silicon-bonded 
hydrogen atoms = 0.7% by weight) (the amount of silicon-bonded hydrogen atoms in the 
dimethylsiloxane/methylhydrogensiloxane copolymer blocked with trimethylsiloxy groups 

25 at both ends of the molecular chain was 1 .8 mol per mole of the vinyl groups in the 

dimethylpolysiloxane blocked by dimethylvinylsilyl groups at both ends of Ihe molecular 
chain and in the organopolysiloxane mixture and was contained in the above-mentioned 
silicone mbber base) with a viscosity of 5 mPa-s, 1 .0 part by weight of an 
organopolysiloxane shown by the average unit formula 

{ (CH 2 =CH) CH 3 Si(W „ „ (CH 3 0 l/z ) 0 . 35 {CH 2 - CHCH 2 0 (CH 2 ) 3 Si0 3/2 } 0 . 18 
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as an adhesion promoter, and 0.5 part by weight of a silatran shown by the formula 



CH 2 =CH 



(CH 3 0)3SiCH2CH 2 CH 2 OCH 2 - 




)> 



•CH 2 OCH 2 CH 2 CH 2 Si(OCH 3 )3 



as an adhesion promoter were mixed uniformly, then a 1,3-divinyltetramethyldisiloxane 
solution of a 1,3-divinyltetramethyldisiloxane complex of platinum (in the present 

5 composition, the amount of platinum metal in the complex was 5 ppm in weight units) was 
mixed in to create a silicone rubber composition (V) with a viscosity of 70,000 mPa-s. 
[0108] The silicone rubber composition (V) was sandwiched between 50 ^m-thick 
polyethylene terephthalate resin film having 2 /mi-thick polyester sulfone resin layer on a 
surface of the film and 50 /mi-thick polyethylene terephthalate resin film having 2 /on-thick 

10 acetate cellulose resin layer on a surface of the film, and then cured by heating for 
30 minutes in a convection oven at 80 °C while the thickness of the above-mentioned 
silicone rubber composition was kept at 30 fim by two stainless rollers with an adjusted 
clearance, thus yielding a silicone-based adhesive sheet (M). 

[01 09] The protective film on the silicone rubber layer of the silicone-based adhesive 
1 5 sheet (L) was peeled off and firmly bonded to a 4-inch silicon wafer prior to dicing using a 
rubber roller. Next, the result was heated for 30 minutes at 1 00 °C, and only the layer of 
silicone rubber and the silicone wafer were bonded. Next, an adhesive sheet with a 
thickness of 90 ftm was laminated to the protective film firmly bonded to the silicone-based 
adhesive sheet (L), which was itself bonded to the silicon wafer, and the product was diced 
20 into squares 10 mm on a side using a dicing saw DAD 340 made by Disco Corporation. 
The bottom surface of the adhesive sheet was cut away, leaving 60 fim. 
[0110] When the diced semiconductor chip was picked up using the adhesive sheet, 
the protective film remained on the adhesive sheet side. A device was created by a 
process in which the silicone-based adhesive sheet bonded to the semiconductor chip was 
25 press-bonded for 1 second at room temperature at a pressure of 1 .0 MPa to the wiring 

surface of a board made from a glass fiber reinforced epoxy resin with 20 /an irregularities, 
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and the product was then heated for 60 minutes at 150 °C to cure the layer of clay-like 
silicone rubber composition. 

[0111] The total thickness of the device was measured, and the thickness of the 
silicone adhesive layer at the four corners of the chip was measured by subtracting the 
5 thickness of the silicon chip and the board made from a glass fiber reinforced epoxy resin, 
whereupon the thickness of the silicone adhesive layer was found to be uniform at 48 /mi in 
all cases. The silicon chip was pulled upward to confirm adhesiveness, and it was found 
that the silicone adhesive layer had undergone a cohesive failure, confirming that the 
adhesiveness was satisfactory. 

1 0 [01 12] The protective film (the polyethylene terephtalate resin film having the acetate 
cellulose resin layer on the surface of the film) on the silicone rubber layer of the silicone 
rubber-based adhesive sheet (M) was peeled off and firmly bonded to a 4-inch silicon 
wafer prior to dicing using a rubber roller. Next, the result was heated for 30 minutes at 
1 00 °C, and only the layer of silicone rubber and the silicone wafer were bonded. Next, 

15 an adhesive sheet with a thickness of 90 /on was laminated to the protective film firmly 
bonded to the silicone rubber-based adhesive sheet (M), which was itself bonded to the 
silicon wafer, and the product was diced into squares 5 mm on a side using a dicing saw 
DAD 340 made by Disco Corporation. The bottom surface of the adhesive sheet was cut 
away, leaving 60 /mi. 

20 [0113] When the diced semiconductor chip was picked up using the adhesive sheet, 
the protective film remained on the adhesive sheet side. A device was created by a 
process in which the silicone-based adhesive sheet (M) bonded to the semiconductor chip 
was press-bonded for 1 second at room temperature at a pressure of 1 .0 MPa to said 
semiconductor chip bonded by the silicone-based adhesive sheet (L) on the wiring surface 

25 of a board made from a glass fiber reinforced epoxy resin, and the product was then heated 
for 60 minutes at 150 °C. 

[0114] Next, a metal wire with a diameter of 30 faa was bonded to the above- 
mentioned device by ultrasonic thermocompression bonding to create the semiconductor 
device shown in Fig. 5. Thirty of these semiconductor devices were let to stand for 
30 30 minutes at -50 °C, then were immediately subjected to a heat cycle test wherein a 

30 minutes standing at 150 °C was one cycle, and the conductive fraction defective of the 
above-mentioned device was evaluated. The results thereof are shown in Table 1 . 
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Table 1 



Item 

Parts with 
conductivity 
defects 
(%) 


Section 
100 cycles 


1 
0 


2 
0 


Eml 
3 
0 


jodim 
4 

0 


ents 
5 
0 


6 
0 


7 
0 


500 cycles 


0 


0 


0 


0 


0 


0 


0 


1000 cycles 


0 


0 


0 


0 


0 


0 


0 



Industrial Applicability 
[01 15] The silicone-based adhesive sheet of the present invention is characterized in 
5 that it can be satisfactorily bonded to a smooth base and a base having irregularities in the 
surface, and the thickness of the bonded layer can be made uniform. Particularly, the 
silicone-based adhesive sheet of the present invention is suitable for bonding a 
semiconductor chip having irregularities in at least one surface and a chip attachment 
component. The method for bonding the semiconductor chip and the chip attachment 
10 component of the present invention is characterized in that the semiconductor chip and the 
chip attachment component can be satisfactorily bonded even if they have irregularities in 
at least one surface. The semiconductor device of the present invention is characterized in 
that the semiconductor chip and the chip attachment component can be satisfactorily 
bonded with superior reliability even if they have irregularities in at least one surface. 
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CLAIMS 

1 . A silicone-based adhesive sheet, comprising a first layer of a clay-like curable 
silicone composition on one side of said sheet, and a second layer of a slower curing clay- 
like silicone composition than said first layer on the other side of said sheet. 

5 2. The silicone-based adhesive sheet of Claim 1 , wherein either of said clay-like 
curable silicone compositions has a plasticity number of from 100 to 800, as specified by 
JISK6249. 

3. The silicone-based adhesive sheet of Claim 1, wherein either of said clay-like 
curable silicone compositions is a hydrosilylation-curable silicone composition. 

10 4. The silicone-based adhesive sheet of Claim 3, wherein either of said 

hydrosilylation-curable silicone compositions is a curable silicone composition comprising 
(A) an organopolysiloxane having at least two alkenyl groups per molecule; (B) a filler; (C) 
an organopolysiloxane having at least two silicon-bonded hydrogen atoms per molecule; 
(D) an adhesion promoter; and (E) a hydrosilylation catalyst. 

15 5 . The silicone-based adhesive sheet of Claim 1 , further comprising a protective film 
on at least one side of the silicone-based adhesive sheet. 

6. A silicone-based adhesive sheet comprising a cured silicone layer on one side of 
said sheet, and having a layer of clay-like curable silicone composition on the other side of 
said sheet. 

20 7. The silicone-based adhesive sheet of Claim 6, wherein said clay-like curable 
silicone composition has a plasticity number of from 100 to 800, as specified by JIS K 
6249. 

8. The silicone-based adhesive sheet of Claim 6, wherein said clay-like curable 
silicone composition is a hydrosilylation-curable silicone composition. 

25 9. The silicone-based adhesive sheet of Claim 8, wherein said hydrosilylation-curable 
silicone composition comprises (A) an organopolysiloxane having at least two alkenyl 
groups per molecule; (B) a filler; (C) an organopolysiloxane having at least two silicon- 
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bonded hydrogen atoms per molecule; (D) an adhesion promoter; and (E) a hydrosilylation 
catalyst. 

10. The silicone-based adhesive sheet of Claim 6, further having a protective film on at 
least one side of the silicone-based adhesive sheet. 

5 11. A method of bonding a semiconductor chip to a chip attachment component, 
comprising the steps of: 

(1) producing the semiconductor chip by dicing a laminated body comprising a 
cured silicone layer bonded to a wafer, a layer of clay-like curable silicone composition 
firmly bonded to said cured silicone layer, a protective film firmly bonded to said layer of 

10 clay-like curable silicone composition, and a sheet adhesively attached to film; 

(2) peeling said protective film and said sheet from said chip; 

(3) bonding said semiconductor chip to said chip attachment component by pressing 
said semiconductor chip to said chip attachment component via said layer of clay-like 
curable silicone composition; and 

1 5 (4) curing said layer of clay-like curable silicone composition. 

12. The method of Claim 11, wherein the cured silicone layer and the layer of clay-like 
curable silicone composition firmly bonded to the cured silicone layer are formed by 
applying a first layer of a clay-like curable silicone composition (I) to the wafer, applying a 
second layer of a clay-like curable silicone composition (H) endowed with a lower curing 

20 rate than the first layer, and curing the first layer, such that the layer of composition (IT) is 
prevented from being cured. 

1 3 . The method of Claim 1 2, wherein either of said clay-like curable silicone 
compositions (I) and (IT) has a plasticity number of from 100 to 800, as specified by JIS K 
6249. 

25 14. The method of Claim 12, wherein either clay-like curable silicone composition (I) 
or clay-like curable silicone composition (JS) is a hydrosilylation-curable composition. 

15. The method of Claim 14, wherein either of said hydrosilylation-curable silicone 
compositions is a curable silicone composition comprising at least (A) an 
organopolysiloxane having at least two alkenyl groups per molecule; (B) a.filler; (C) an 
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organopolysiloxane having at least two silicon-bonded hydrogen atoms per molecule; (D) 
an adhesion promoter; and (E) a hydrosilylation catalyst. 

16. A method of fabricating a semiconductor device comprising a semiconductor chip, 
a silicone-based adhesive sheet, and a semiconductor chip attachment component, wherein 

5 the method comprises: 

a) fabricating the silicone-based adhesive sheet having a first layer of clay-like 
curable silicone composition (I) on one side and having a second layer of a slower curing 
clay-like curable silicone composition (II) than said first layer of composition (T) on the 
other side, and 

10 b) curing said first layer of composition (I) so that said second layer of composition 

(H) remains uncured while said first layer of composition (I) is kept in contact with the 
semiconductor chip, and said second layer of composition (IT) is subsequently cured while 
kept in contact with the semiconductor chip attachment component. 

17. A method of fabricating a semiconductor device comprising a semiconductor chip, 
15 a silicone-based adhesive sheet, and a semiconductor chip attachment component, wherein 

the method comprises: 

a) fabricating the silicone-based adhesive sheet having a first layer of clay-like 
curable silicone composition (I) on one side and having a second layer of a slower curing 
clay-like curable silicone composition (IT) than said first layer of composition (I) on the 

20 other side, and 

b) curing said first layer of composition (I) so that said second layer of composition 
(H) remains uncured while said first layer of composition © is kept in contact with the 
semiconductor chip attachment component, and said second layer of composition (H) is 
subsequently cured while kept in contact with the semiconductor chip. 

25 18. The method of Claim 16 or 17, wherein either of said clay-like curable silicone 
compositions has a plasticity number of from 100 to 800, as specified by JIS K 6249. 



19. The method of Claim 16 or 17, wherein either of said clay-like curable silicone 
compositions is a hydrosilylation-curable composition. 
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20. The method of Claim 19, wherein said hydrosilylation-curable silicone composition 
comprises at least (A) an organopolysiloxane having at least two alkenyl groups per 
molecule; (B) a filler; (C) an organopolysiloxane having at least two silicon-bonded 
hydrogen atoms per molecule; (D) an adhesion promoter; and (E) a hydrosilylation catalyst 

5 21. A method of fabricating a semiconductor device comprising a semiconductor chip, 
a silicone-based adhesive sheet, and a semiconductor chip attachment component, wherein 
the silicone-based adhesive sheet comprises a cured silicone layer on one side and a layer 
of clay-like curable silicone composition on the other side; wherein the method comprises: 

a) bonding said cured silicone layer so that the layer of clay-like curable silicone 
1 0 composition remains uncured while said cured silicone layer is kept in contact with a 

semiconductor chip, and subsequently 

b) curing said layer of clay-like curable silicone composition while said layer of 
clay-like curable silicone composition is kept in contact with a semiconductor chip 
attachment component. 

15 22. A method of fabricating a semiconductor device comprising a semiconductor chip, 
a silicone-based adhesive sheet, and a semiconductor chip attachment component, wherein 
the silicone-based adhesive sheet comprises a cured silicone layer on one side and a layer 
of clay-like curable silicone composition on the other side; wherein the method comprises: 

a) bonding said cured silicone layer so that the layer of clay-like curable silicone 
20 composition remains uncured while said cured silicone layer is kept in contact with the 

semiconductor chip attachment component, and subsequently 

b) curing said layer of clay-like curable silicone composition while said layer of 
clay-like curable silicone composition is kept in contact with said semiconductor chip. 

23. The method of Claim 21 or 22, wherein said clay-like curable silicone composition 
25 has a plasticity number of from 1 00 to 800, as specified by JIS K 6249. 

24. The method of Claim 21 or 22, wherein said clay-like curable silicone composition 
is a hydrosilylation-curable composition. 

25 . The method of claim 24, wherein said hydrosilylation-curable silicone composition 
comprises (A) an organopolysiloxane having at least two alkenyl groups per molecule; (B) 
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a filler; (C) an organopolysiloxane having at least two silicon-bonded hydrogen atoms per 
molecule; (D) an adhesion promoter; and (E) a hydrosilylation catalyst. 

26. A semiconductor device prepared by the method of Claim 11,12, 13,14, 15,16, 
17, 21, or 22. 

5 
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Figure 2 
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